Introduction
The material science research oriented to improve the effect of excess of power production into palladium cathodes loaded electrochemically with deuterium confirmed that the high concentration of deuterium into the lattice (d/Pd > 0.9) is a necessary condition to observe the phenomenon but not enough. Several research groups have been working in order to identify the most appropriate techniques to trigger such an effect.
The study presented in this work is leading with the development of the triggering by means of laser irradiation during the electrochemical loading of palladium with deuterium in heavy water electrolyte.
An isoperibolic calorimetric system has been developed allowing a laser irradiation during the electrochemical loading.
According to the idea that collective electron oscillations have a key role in LENR processes a proper trigger has been introduced to create surface plasmons (polaritons) [1] .
Laser triggering was selected because of it results to be the most appropriate under electrochemical loading. Plasmons are longitudinal plasma oscillations that do not couple with external radiation. A proper surface corrugation may produce such a coupling between the electronic oscillation and the external radiation . For such a reason a proper acid etching has been done on the Pd samples used as cathodes into the electrochemical cell. In addition to that one may consider that a p polarized laser beam is the appropriate one to create charge separation on the surface of the specimen.
EXPERIMENTS
The electrochemical cell (Fig.1) , tested for He leakage (2×10 -10 mbar l/s), equipped with two small glass windows was placed into a thermostatic box (Fig.2 ) (±0.15 °C) also equipped with a window for the laser beam (5 or 33 mW 632 nm). The closed electrochemical cell is equipped with a recombiner. Cell power supply is an AMEL galvanostat, modulated, during the HI-LO current mode by an HP 33120 wave function generator. Output power is measured by means of the calibration performed by means of the average temperature given by the PT100 thermometers located into the electrolyte, R/Ro measurement is done by means of an HP-4284 (four wires measurement). A calibration was done by using light water (0.1 M LiOH) and the calibration curve is shown in Fig.3 . Despites the behaviour of the system was quite linear a proper fitting curve has been used in order to have R Three experiments have been carried out into the isoperibolic calorimetric system during the first campaign showing excess of power production during laser irradiation with "p" polarization.
The produced excess of energy was ranging between 3.4 and 30 kJ. An improvement of the system was carried out both to increase the number of thermometers into the cell and to use high ultra vacuum technology for the cap and the glass windows of the cell.
A particular effort was done in order to take into account the convective heat exchange due to the electrolyte fluid dynamics due to the gas bubble formation during the electrochemical process.
Laser4 experiment was carried out by applying a continuous electrochemical current. After achieving a loading threshold of 0.95 the cathode was continuously irradiated by using a 632 nm, 33 mW red laser. Calorimetry gave 30.3 kJ of produced energy (19.4 MJ/ mol Pd). Figure 4 shows the input and output power and energy evolution after applying the laser irradiation.
The gas produced at the electrodes (Pd foil cathode and Pt wire anode) acts on the electrolyte producing a fluid dynamic regime that affects the temperature distribution, then the temperature field for the considered cell results to be correctly described by including the convective terms into the heat transfer equation:
with convective external boundary conditions (radiative mechanism is neglected because of the low temperature of the system, close to the ambient one).
Assumptions:
Steady state boundary conditions (thermostatic box) Tamb = cost.(t) Radiative heat exchange negligible Convection of the electrolyte mainly produced by the bubbles formation at the cathode, since the cathode has a reduced area and the deuterium flow rate is twice the flow rate of the oxygen at the anode.
In order to reduce the computation time we propose an approximate solution, in closed form, for the field of velocity.
First of all we have to calculate the velocity of the electrolyte at the interface between the hydrogen and the liquid. The situation is described in Fig. 5 Gas velocity V H2 is calculated by means of the current density. Let us assume the cathode to be a Pd foil having height h and width L. The bubbles of hydrogen form a layer that we measured to be δ (2~3 mm) in our cell configuration. The laws of Faraday and of the gas give gas flow rate = i nF ⋅ 22, 4 ⋅1000 cm
The gas flow rate for unit area is:
By integrating on the whole surface δ it follows: 
In the specific case under study the motion and continuity equations read respectively:
The approximate solution will be carried out by solving iteratively the two equations with the following assumptions:
axial symmetry density and viscosity be constant steady state • negligible effect of pressure and mass
The velocity of the liquid in contact with gas is estimated as [3] [4] 
Step1:
Solving the equation with the following BC v z =V 0z r=a ; v z =0 per r=R it follows:
Step2:
By calculating the derivative of and by taking into account that
the substitution of (14) into the continuity equation leads to
The integration constant is calculated by imposing the condition of zero flow rate in radial direction
Step 3:
By replacing again v r (r) into the continuity equation we obtain VV z (r,z), the integration constant is calculated by considering now zero flow rate into the axial direction Figure 6 . Velocity field into the electrochemical cell due to bubbles at the cathode and describe the velocity field into the electrolyte, see Fig. 6 . A 3D transient finite element analysis gives the field of temperatures into the cell, Fig. 7 shows the temperature distribution into the electrochemical cell. Figure 8 shows the comparison between the experimental results and the calculations, the comparison reveals a satisfactory agreement when the fluid dynamic of the electrolyte is included into the system description, in particular for power values larger than 2 W.
A new experimental campaign has been carried out giving 1 excess of power production over two experiments. The excess of power is shown in Fig. 9 . The effects started after achieving a loading around D/Pd = 0.94 and survived, under laser irradiation for more then 100 hr. The maximum gain was about 15% of the input. The excess was stopped by current inversion that produced a fast deloading. After deloading the difference between the input and the output power disappeared.
The effect is clearly shown in Fig. 9 . The total energy gain was 49 kJ. 
Conclusions
The results of the additional investigation performed with the new experimental campaign are in good agreement with the results obtained into the first run of the work. Seems to be confirmed the relevant effect of the laser trigger, under appropriate conditions, to obtain excess of power production in deuterated palladium when the D concentration is close to the literature threshold.
